& frontiers | Frontiers in Endocrinology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Djuro Macut,
University of Belgrade, Serbia

REVIEWED BY
Sarmed Al-Samerria,
Rutgers Robert Wood Johnson University
Hospital, United States
Mei Li,
Shandong University, China
*CORRESPONDENCE
Ying Guo

71000916@sdutcm.edu.cn

SPECIALTY SECTION

This article was submitted to
Reproduction,

a section of the journal
Frontiers in Endocrinology

RECEIVED 12 October 2022
ACCEPTED 05 January 2023
PUBLISHED 20 January 2023

CITATION

Jia Z-c, Li Y-q, Li R, Hou S, Xia Q-c,

Yang K, Wang P-x, Li S-m, Sun Z-g and
Guo Y (2023) Comparison of two different
starting dose of rhFSH in GnRH antagonist
protocol for patients with normal ovarian
reserve.

Front. Endocrinol. 14:1068141.

doi: 10.3389/fendo.2023.1068141

COPYRIGHT
© 2023 Jia, Li, Li, Hou, Xia, Yang, Wang, Li,
Sun and Guo. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Endocrinology

TvPE Original Research
PUBLISHED 20 January 2023
po110.3389/fendo.2023.1068141

Comparison of two different
starting dose of rhFSH in GnRH
antagonist protocol for patients
with normal ovarian reserve

Zhi-cheng Jia*, Yong-qian Li% Ran Li? Sen Hou?,
Qing-chang Xia*, Kai Yang?, Pei-xuan Wang*, Shu-miao Li*,
Zhen-gao Sun® and Ying Guo®**

The First Clinical College, Shandong University of Traditional Chinese Medicine, Jinan, China, 2College
of Traditional Chinese Medicine, Shandong University of Traditional Chinese Medicine, Jinan, China,
*Reproductive and Genetic Center of Integrative Medicine, Affiliated Hospital of Shandong University of
Traditional Chinese Medicine, Jinan, China, “The Second Clinical College, Beijing University of Chinese
Medicine, Beijing, China

Objective: To evaluate different starting doses of recombinant human follicle-
stimulating hormone (rhFSH) on pregnancy outcomes for patients with normal
ovarian reserve during gonadotropin- releasing hormone antagonist (GnRH-ant)
protocol-controlled ovarian stimulation of in vitro fertilization (IVF) cycles.

Methods: In this retrospective study, a total of 1138 patients undergoing IVF cycles
following the GnRH-ant protocol were enrolled. Patients were divided into two
groups according to the starting dose of rhFSH. 617 patients received a starting
dose of rhFSH of 150 U, and 521 patients received a starting dose of rhFSH of 225
IU. We compared demographic characteristics, ovarian stimulation and
embryological characteristics, and pregnancy and birth outcomes between the
two groups. Multivariate logistic regression analysis was performed to examine the
possible effects of the known potential confounding factors on pregnancy
outcomes.

Results: The number of oocytes retrieved in the 150 IU rhFSH group was
significantly lower than those in the 225 IU rhFSH group. There was no
significant difference between the two groups referring to embryological
characteristics. The proportion of fresh embryo transfer in the 150 IU rhFSH
group was significantly higher than that in the 225 IU rhFSH group (48.30% vs.
40.90%), and there was no difference in the risk of ovarian hyperstimulation
syndrome and pregnancy outcomes between the two groups.

Conclusions: In conclusion, the starting dose of rhFSH of 150 IU for ovarian
stimulation has a similar pregnancy outcome as starting dose of rhFSH of 225 U in
GnRH-ant protocol for patients with normal ovarian reserve. Considering the
potential cost-effectiveness and shorter time to live birth, the starting dose of
rhFSH of 150 IU may be more suitable than 225 1U.
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1 Introduction

Gonadotropin-releasing hormone agonist (GnRH-a) protocol and
gonadotropin-releasing hormone antagonist (GnRH-ant) protocol have
been widely applied in controlled ovarian stimulation (COS) for in vitro
fertilization (IVF)/intracytoplasmic sperm injection (ICSI) cycles; they
are comparable in clinical outcomes, obstetric and perinatal outcomes
(1). GnRH-ant protocol, which was discovered in the 1990s, is
increasingly favored in clinical practice because of its physiological
advantages (2). Compared with the GnRH-a protocol, the GnRH-ant
protocol competitively binds to the receptor of the pituitary gland and
causes rapid suppression of gonadotropin release without “flare-up”
effect. Meanwhile, the GnRH-ant protocol can eftectively reduce the
consumption of gonadotropin and greatly shorten the treatment time,
and reduce the risk of ovarian hyperstimulation syndrome (OHSS) (3).
Recombinant human follicle-stimulating hormone (rhFSH) is the key
hormone that stimulates the development of multiple follicles during
COS to obtain an adequate number of oocytes and embryos (4).
Individualization of the starting dose of rhFSH is considered standard
clinical practice. The optimum dose of rhFSH required to exceed the
“FSH threshold” during the therapeutic “FSH window”, which is an
inconclusive medication management, ranges from 100 IU to 300 IU (5).
Starting dose of rhFSH selection mainly depends on the patient’s
characteristics and ovarian reserve, which is affected by various
biomarkers, including basal follicle-stimulating hormone (FSH), antral
follicle count (AFC), and anti-Miillerian hormone (AMH) (6, 7).
Therefore, a starting dose of thFSH selection is often dependent on the
clinical experience of specialists.

Classification of patients according to their ovarian reserve is the
basis for selecting an appropriate starting dose of rhFSH. In 2022, the
Chinese Medical Doctor Association (CMDA) promulgated the “Expert
Consensus on Standardized Application of gonadotropin-releasing
hormone antagonist in Assisted Reproductive Technology” (8), which
divides the population into normal ovarian reserve (NOR), high ovarian
reserve (HOR), diminished ovarian reserve (DOR), according to ovarian
reserve. Patients meeting the following criteria were defined as NOR in
the consensus, including age < 35 years; basal FSH level < 10 IU/L; AMH
level 1.1-4.0 ng/L; and AFC 7-15. For NOR patients, the main treatment
goals are to reduce the time to ovulation induction, shorten the time to
live birth and increase the pregnancy rate of fresh embryo transfer. The
recommended starting dose of rhFSH in the consensus is 150-225 IU for
the NOR patients. Generally, the number of oocytes retrieved depends on
the dose of rhFSH (9). However, individual women’s responses vary (10).
GnRH-ant protocol was only used in China in 2013, and clinical
experience is relatively lacking. The starting dose of rhFSH of 150 or
225 IU is a broad dose range, and it is unclear whether there is a
difference in pregnancy outcomes between the two starting doses of
rhFSH. This study aimed to investigate whether IVF and pregnancy
outcomes would change in the NOR patients between the two starting
doses of rhFSH.

2 Material and methods

2.1 Patients

Individuals who completed an autologous IVF/ICSI cycle and
received a GnRH-ant protocol treated at the authors’ reproductive
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clinic from January 2014 to June 2021 were included in this single-
center retrospective cohort study. The study was authorized by the local
institutional review board (Reproductive Ethics Committee of The
Affiliated Hospital of Shandong University of Traditional Chinese
Medicine, approval no. SDTCM/E2204-02, dated April 2, 2022) and
was undertaken at a public tertiary referral university hospital.

The inclusion criteria were as follows: (a) age < 35 years; (b) FSH
level < 10 TU/L; (c) AMH level 1.1-4.0 ng/L; (d) basal AFC 7-15.

The exclusion criteria were as follows: (a) patients with polycystic
ovary syndrome; (b) patients with ovarian insufficiency; (c) body
mass index (BMI) > 28; (d) patients with an abnormal uterine cavity
that affected embryo implantation; (e) patients with recurrent
implantation failure; (f) patients who required a genetic diagnosis
before embryo implantation.

A total of 1138 patients were included in this study. Patients were
divided into two groups according to the starting dose of rhFSH. 617
patients received a starting dose of 150 IU rhFSH, and 521 patients
received a starting dose of 225 IU rhFSH (Figure 1).

2.2 Controlled ovarian stimulation protocols

All participants underwent IVF/ICSI treatment using a GnRH-
ant protocol. Recombinant human follicle stimulating hormone
(Gonal-F, Merck Serono, Switzerland) is administered on the
second or third day of the menstrual cycle at a dose of 100-300 U
per day, depending on the woman’s age, FSH, AFC, and AMH.

During COS, participants were monitored for follicular
recruitment and growth and endometrial thickness by serial
transvaginal ultrasound and blood hormone tests, including
estradiol (E2), progesterone (P4) and luteinizing hormone (LH)

IVF/ICSI-ET cycles with a GnRH antagonist protocol
January 2014 and June 2021 (n=2549)

Potentially eligible patients (n=1366)
(a) age< 35 years
(b) basal follicle-stimulating hormone(FSH) level< 10 IU/L
(c) anti-Mullerian hormone (AMH) level 1.1-4.0 ng/L
(d) basal antral follicle count (AFC)7-15

(n=228)

(a) patients with polycystic ovary syndrome

(b) patients with ovarian insufficiency

(c) BMI>28

(d) patients with an abnormal uterine cavity that
affected embryo implantation

(e) patients with recurrent implantation failure
(f) patients who required a genetic diagnosis
before embryo implantation

IVF/ICSI-ET cycles
were enrolled in analysis (n=1138)

]

thFSH of 150 U
(N=617)

thFSH of 225 IU
(N=521)

l

Fresh embryo transfer to
assess primary endpoint
(N=213)

Fresh embryo transfer to
assess primary endpoint
(N=298)

FIGURE 1
Flowchart of this study.
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plasma levels. The dose of rhFSH may be increased or decreased
according to the follicular development of the patient during COS,
within the range of 50 IU. Cetrorelix (Merck Serono, Switzerland) of
0.25 mg/day was initiated until the trigger day, when the dominant
follicle diameter was =14 mm, E2 2400 pg/ml. Human chorionic
gonadotropin (hCG, Lizhu, Zhuhai, China) or GnRH agonist
(triptorelin acetate; France) combined hCG (dual trigger) was
administered to trigger the maturation of oocytes when there were
three follicles measuring 18 mm or more in diameter.

Oocyte pick-up (OPU) was performed by transvaginal
ultrasound-guided needle aspiration 35-36 hours following
triggering, followed by standard IVF/ICSI as previously reported
(11). Fresh embryo transfer was carried out 3 days (cleavage
embryo) or 5 days (blastocyst) after OPU. Whole embryos were
frozen if patients with a high risk of OHSS, high progesterone level
(progesterone >1.5-2 ng/ml), severe hydrosalpinx, or endometrial
polyp. Embryo grading was done following the proceedings of the
Istanbul consensus (12). High-quality embryos were characterized as
those that reached at least the six-cell stage with<20% fragmentation.
Oral progesterone combined vaginal progesterone or intramuscular
progesterone was used for luteal support since the day of OPU for
fresh transfer cycles.

2.5 Outcome measures

We compared IVF and pregnancy outcomes at a different starting
dose of rhFSH. Our primary outcome measure was live birth, which
we defined as the delivery of at least one infant with breathing and
heartbeat, regardless of gestational age. The secondary outcomes
included positive pregnancy rate, biochemical pregnancy rate,
clinical pregnancy rate, ectopic pregnancy rate, ongoing pregnancy
rate, miscarriage rate, live birth rate and IVF outcomes. Positive
pregnancy is defined as a serum-hCG level of at least 10 mIU/mL.
Biochemical pregnancy loss is described as undetected pregnancy
losses that are recorded only via a positive pregnancy test (serum hCG
level 10 mIU/mL). After 10 gestational weeks, clinical pregnancy is
defined as an intrauterine gestational sac with fetal heartbeat
identified through transvaginal ultrasonography. Ectopic pregnancy
is described as a pregnancy that occurs outside the uterine cavity. We
thereby define ongoing pregnancy as a viable intrauterine pregnancy
of at least 12 weeks, confirmed on an ultrasound scan (13).
Miscarriage refers to the termination of pregnancy before 28 weeks
of gestation and a fetus weighing less than 1000 g (14). OHSS was
diagnosed according to the latest classification criteria (15).

2.4 Statistical analysis

All statistical analyses were performed with the SPSS 25.0
statistical software (IBM, Chicago, IL, USA). The K-S test was used
for the normality test. Continuous variables are expressed as mean +
SD or median (IQR), and Categorical variables are expressed as
number (n) and percentage (%). Mann-Whitney U test or Student’s
t-tests were used for continuous variables, and the Chi-square test was
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used for categorical variables. Various factors affecting clinical
outcomes were identified by univariate logistic regression analysis.
Multivariate logistic regression analysis was performed to examine
the possible effects of the following known potential confounding
factors on pregnancy outcomes, including age, BMI, AMH, infertility
type (primary or secondary), starting dose of rhFSH, ovulation trigger
protocol, the total dose of Cetrorelix. A P-value < 0.05 was considered
statistically significant.

3 Result

3.1 Baseline characteristics of the study
population

A total of 1138 ovarian stimulation cycles with GnRH-ant
protocol were included in this study, including 617 cycles a starting
dose of thFSH of 150 IU and 521 cycles with 225 IU. Patients’ baseline
characteristics are detailed in Table 1. There were no statistically
significant differences in the Mean age, duration of infertility, basal
FSH, LH, E2, P4, AMH level, gravidity, parity, miscarriage, BMI,
AFC, etiology of infertility, types of infertility between the two groups
(all P > 0.05). The method of fertilization was similar between the two
groups (P > 0.05).

3.2 Ovarian stimulation outcomes

The characteristics of ovarian stimulation are presented in
Table 2. The total dose of rhFSH in the 150 IU group was
significantly lower than that in the 225 IU group (1517.63 + 283.65
vs. 2218.62 + 402.61, p<0.01) (Figure 2), and there was no difference
in the stimulation duration of rhFSH administration. There was no
difference in the total dose and duration of Cetrorelix between the two
groups. The lag time from ovulation trigger to oocyte aspiration and
ovulation trigger protocol, including hCG or GnRH agonist combined
hCG, was not significantly different between the two groups. On
trigger day, the 225 IU group had significantly higher levels of
estradiol (2790.51 + 1329.37 vs. 3139.98 + 1403.4, p<0.01) and
progesterone (1.11 + 0.57 vs. 1.2 + 0.6, p<0.01) than the 150 IU
group (Figure 2). There was no severe OHSS in both groups, and mild
to moderate OHSS was not statistically significant (3.70% vs
5.40%, p=0.181).

3.3 Embryological outcomes

The characteristics of the embryological are presented in Table 3.
The number of oocytes retrieved (10.19 + 3.6 vs. 11.16 + 3.67, p<0.01),
maturation oocytes (8.63 + 3.91 vs. 9.6 = 3.97, p<0.01), and two-
pronuclear (2PN) fertilization (6.45 + 3.52 vs. 7.16 + 3.7, p<0.01) in
the 150 IU group were significantly lower than those in the 225 U
group (Figure 3). There were no significant differences in the number
of available embryos, number of high-quality embryos, proportion of
high-quality embryos, number of blastocysts, and proportion of
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TABLE 1 Comparison of general data between the two groups.

150 IU (n = 617)

225 1U (n = 521)

Age (years) 30.66 + 3.07 30.75 + 3.13 0.63
Infertility duration(years) 327 +2.1 323 +2.13 0.75
Basal FSH level (IU/L) 6.85 + 1.48 6.69 + 1.45 0.06
Basal LH level (IU/L) 5.34 £ 2.69 525+ 2.57 0.59
Basal E2 level (pg/ml) 3528 £ 9.44 35.01 +9.18 0.63
Basal P4 level (ng/ml) 091 + 1.14 0.95 + 1.31 0.61
AMH (ng/ml) 2.58 £ 0.85 2.61 £0.79 0.59
Gravidity (n) 0(0,1) 0 (0,1) 0.89
Parity (n) 0 (0,0) 0 (0,0) 0.76
Miscarriage (n) 0 (0,0) 0 (0,0) 0.89
BMI (kg/m?) 23.32 +2.63 23.6 +2.54 0.07
Antral follicle count 11.18 + 2.56 11.09 + 2.51 0.53
Etiology of infertility 0.552

Tubal factor (%)

456/617 (73.90%)

370/521 (71.00%)

Male factor (%)

121/617 (19.60%)

114/521 (21.90%)

Others (%)

40/617 (6.50%)

37/521 (7.10%)

Types of infertility 0.503
primary infertility 311/617 (50.40%) 273/521 (52.40%)
secondary infertility 306/617 (49.60%) 248/521 (47.60%)

Method of fertilization 0.346

ICSI

121/617 (19.60%)

114/521 (21.90%)

IVF

496/617 (80.40%)

407/521 (78.10%)

FSH, follicle stimulating hormone; LH, luteinizing hormone; E2, estradiol; P4, progesterone; AMH, anti-Miillerian hormone; BMI, body mass index; ICSI, intracytoplasmic single sperm injection; IVF,

in vitro fertilization; Data are presented as mean + SD, median (IQR) and n (%).

TABLE 2 Ovarian stimulation outcomes between the two groups.

150 IU (n 225 U (n = 521)

Stimulation duration of rhFSH (day) 9.71 + 1.63 9.85 + 1.75 0.19
Total rhFSH (IU) 1517.63 + 283.65 2218.62 + 402.61 p<0.01
Duration of Cetrorelix (day) 581 + 1.52 593 + 1.62 0.18
Total Cetrorelix (mg) 1.45 +0.38 1.48 + 0.41 0.18
LH level on trigger day (IU/L) 2.72 £ 1.96 2.88 £2.25 0.2
E2 level on trigger day (pg/ml) 2790.51 + 1329.37 3139.98 + 1403.4 p<0.01
P4 level on trigger day (ng/ml) 1.11 £ 0.57 1.2 +£0.6 P<0.01
Ovulation trigger protocol 0.744

dual trigger 140/617 (22.70%) 114/521 (21.90%)

Triggered with hCG 4771617 (77.30%) 407/521 (78.10%)
Lag time from ovulation trigger to oocyte aspiration 36.11 £ 0.53 36.11 + 0.55 0.899
OHSS 23/617 (3.70%) 28/521 (5.40%) 0.181

rhESH, recombinant human follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; P4, progesterone; OHSS, ovarian hyperstimulation syndrome. Data are presented as mean + SD,

median (IQR) and n (%).

The bold font indicates that the p value is less than 0.05, which means it has statistical significance.
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FIGURE 2
Statistically significant indicators of ovarian stimulation outcomes.

blastocysts between the two groups. For ovarian stimulation cycle
outcomes, the proportion of fresh embryo transfer in the 150 TU
group was significantly higher than that in the 225 IU group (48.30%
vs. 40.90%, p=0.035) (Figure 3).

3.4 Pregnancy and birth outcomes
As demonstrated in Table 4, between-group comparisons in both

150 IU and 225 TU groups revealed insignificant differences in positive
pregnancy per embryo transfer, biochemical pregnancy loss per

TABLE 3 Embryological outcomes between the two groups.

positive pregnancy, clinical pregnancy per embryo transfer, ectopic
pregnancy per positive pregnancy, ongoing pregnancy per embryo
transfer, miscarriage per clinical pregnancy, live birth per embryo
transfer, number of live births (all P > 0.05).

A binary logistic regression model was also used to assess the
association between starting dose of thFSH and pregnancy and birth
outcomes while adjusting for potential confounders (Table 5).
Furthermore, in the crude and adjusted models, the 150 IU group
was comparable to the 225 IU group in terms of positive pregnancy,
clinical pregnancy, ongoing pregnancy, and live birth (all P > 0.05).

150 IU (n = 617) 225 |U (n = 521) P-value

Number of oocytes retrieved 10.19 + 3.6 11.16 + 3.67 P<0.01
Maturation oocytes 8.63 + 391 9.6 +3.97 p<0.01
2PN Fertilization 6.45 + 3.52 7.16 £ 3.7 p<0.01
Number of available embryos 3.95 + 2.61 423 +2.72 0.08
Number of high-quality embryos 1.34 £ 1.81 1.35 + 1.68 0.96
Proportion of high-quality embryos 829/2440 (34.00%) 703/2204 (35.60%) 0.13
Number of blastocysts 1.32 + 241 1.51 +2.83 0.23
Proportion of blastocysts 813/2440 (33.30%) 785/2204 (31.90%) 0.10
Ovarian stimulation cycle outcomes 0.035

Freeze-all strategy 283/617 (45.90%) 278/521 (53.40%)

No embryos to transfer 36/617 (5.80%) 30/521 (5.80%)

Fresh embryo transfer 298/617 (48.30%) 213/521(40.90%)
Endometrial thickness prior to embryo transfer. 10.84 + 2.02 10.68 + 2.02 0.19
Number of embryos transferred 0.218

Single 54/298 (18.10%) 48/213 (22.50%)

Double 244/298 (81.90%) 165/213 (77.50%)
Quality of transferred embryos 0.421

Available embryos 131/298 (44.00%) 96/213 (45.10%)

A high-quality embryo 141/298 (47.30%) 105/213 (49.30%)

Two high quality embryos 26/298 (8.70%) 12/213 (5.60%)
Blastocyst transfer 22/298 (7.40%) 24/213 (11.30%) 0.13

2PN, two-pronuclear. Data are presented as mean + SD, median (IQR) and n (%).
The bold font indicates that the p value is less than 0.05, which means it has statistical significance.
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Statistically significant indicators of embryological outcomes.

4 Discussion

So far, few studies have evaluated different starting dose of rhFSH
on pregnancy outcomes for NOR patients in GnRH antagonist
protocol. In this study, we qualified the NOR population in terms
of age, FSH, AMH, and AFC following the expert consensus issued by
CMDA and compared the IVF and pregnancy outcomes of the
recommended starting dose of rhFSH in GnRH antagonist protocol
in the consensus.

Compared to previous research, our practice can provide
evidence-based guidance to select a starting dose of either 150 IU

TABLE 4 Pregnancy and birth outcomes between the two groups.

or 225 IU rhFSH for IVF based on post-hoc randomization and a large
sample for the NOR population in GnRH antagonist protocol. Data
from this study suggest that in NOR patients, a starting dose of rhFSH
of 225 TU has no advantage over 150 IU in terms of pregnancy and
live birth outcomes.

The dose-dependent increase between the number of retrieved
oocytes and rhFSH has been confirmed. For the number of oocytes
retrieved, the 225 TU group was significantly more than the 150 IU
group (11.16 + 3.67 vs. 10.19 + 3.6, p<0.01), which is consistent with
the results of a published prospective randomized controlled trial. In a
randomized, double-blind, multicenter clinical trial comparing

Groups 150 IU (n = 298) 225U (n = 213) P-value
Positive pregnancy per embryo transfer 153/298 (51.30%) 106/213 (49.80%) 0.725
Biochemical pregnancy loss per positive pregnancy 10/153 (6.50%) 9/106 (8.50%) 0.553
Clinical pregnancy per embryo transfer 143/298 (48.00%) 97/213 (45.50%) 0.585
Ectopic pregnancy per positive pregnancy 11/153 (7.20%) 6/106 (5.70%) 0.625
Ongoing pregnancy per embryo transfer 132/298 (44.30%) 91/213 (42.70%) 0.724
Miscarriage per clinical pregnancy 21/143 (14.70%) 13/97 (13.40%) 0.780
Live birth per embryo transfer 122/298 (40.90%) 84/213 (39.40%) 0.733
Number of live births 0.794

singletons 91/122 (74.60%) 64/84 (76.20%)

twins 31/122 (25.40%) 20/84 (23.80%)
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TABLE 5 Binary logistics regression analysis with pregnancy and birth outcomes as the influencing factor.

Crude model Adjusted model
starting dose of rhFSH
OR (95% CI) P-value OR (95% CI) P-value
150 IU Reference Reference
Positive pregnancy
225 U 1.065 (0.749-1.514) 0.725 1.02 (0.711-1.464) 0915
150 IU Reference Reference
Clinical pregnancy
225 1U 1.103 (0.775-1.57) 0.585 1.074 (0.748-1.542) 0.699
150 IU Reference Reference
Ongoing pregnancy
22510 1.066 (0.748-1.52) 0.724 1.036 (0.719-1.491) 0.85
150 IU Reference Reference
Live birth
225 U 1.065 (0.743-1.524) 0.733 1.043 (0.721-1.51) 0.822

CI, confidence interval.

Analyses were adjusted for age, BMI, AMH, infertility type (primary or secondary), starting dose of rhFSH, ovulation trigger protocol, total dose of Cetrorelix.

starting dose of 150 and 200 IU of rhFSH, the results showed that the
200 IU group had an average of 0.6 more oocytes than the 150 IU
group (16). In another prospective randomized study comparing daily
doses of 150 and 225 IU, the results showed that the 225 IU group had
an average of 1.9 more oocytes than the 150 IU group (17). However,
the patient in these studies included advanced maternal age, and there
is a consensus that women over 35 are defined as advanced maternal
age. Also, the sample sizes of the two articles were small, and
pregnancy and live birth outcomes were not followed up.

In studies using higher rhFSH over 225 IU, the results indicated
no significant differences in the number of oocytes retrieved and
pregnancy outcomes (18). The mild increase in the number of oocytes
retrieved in the high-dose group did not even increase the number of
available embryos, either in our study or in previous studies.

In addition, no improvement in pregnancy outcomes was found
in any of these studies. Therefore, the value of increasing the total
number of retrieved oocytes should not be overemphasized for
NOR patients.

GnRH analogues inhibit endogenous LH surges and prevent early
follicular ovulation and follicular luteinization. Despite the use of
GnRH analogs during COS, Premature progesterone elevation still
occurred due to high doses of rhFSH, high E2 levels, and the
simultaneous development of multiple follicles (19, 20). Meanwhile,
the simultaneous development of multiple follicles leads to an increase
in serum estradiol levels during COS (21). In our study, progesterone
levels were significantly higher in the 225 IU group than in the 150 IU
group on the trigger day (1.11 * 0.57 vs. 1.2 + 0.6, p=0.01).

Two large retrospective cohort studies showed a negative impact
on pregnancy outcomes in women undergoing IVF when
progesterone > 1.5-2 ng/mL (22, 23).

The putative negative effect of premature progesterone elevation
is embryo-endometrial asynchrony which is critical for successful
implantation (24).

Elevated progesterone levels on the trigger day were negatively
correlated with live births in the fresh embryos transfer cycle but not
in the subsequent frozen embryo transfer cycles (25, 26). Therefore,
the freeze-all strategy was performed to reduce the effect of elevated
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progesterone on live birth rates when progesterone exceeds 1.5-2ng/
ml (27). In this study, the freeze-all strategy was significantly higher in
the 225 IU group than in the 150 IU group, which was associated with
more patients in the 225 IU group having elevated progesterone. A
systematic review showed that the freeze-all strategy was not superior
to fresh embryo transfer in terms of live birth rate (28, 29).
Conversely, the risk of maternal hypertensive disorders of
pregnancy, of having a large-for-gestational-age baby and a higher
birth weight of the children born may be increased following the
freeze-all strategy (30). By design, the time to pregnancy is shorter in
the conventional strategy than in the freeze-all strategy when the
cumulative live birth rate is comparable, as embryo transfer is delayed
in a ‘freeze-all’ strategy (31). At the same time, the freeze-all strategy
increases the financial burden on patients (32). Therefore, the freeze-
all strategy is unsuitable for all patients (33). The fresh embryo
transfer should be adopted as much as possible without affecting
live births, considering clinical safety and convenience (34).

OHSS is a potentially life-threatening iatrogenic complication
during COS (35). A study analyzing 256,381 in vitro fertilization
cycles showed that retrieval of >15 oocytes significantly increase
OHSS risk during COS (36). In our study, we excluded patients
with a high prevalence of OHSS, such as those with polycystic ovary
syndrome, and limited the number of AFC in the patients. Therefore,
there was no severe OHSS occurring between the two groups, and
mild to moderate OHSS was not statistically significant.

Live birth is the principal clinical outcome following IVEF.
Previous studies have shown that when the total dose of rhFSH is
more than 2500 IU, it negatively affects the live birth rate in fresh
embryo transfer (37). This suggests that the CMDA consensus
recommendation of a starting rhFSH dose of 150 or 225 IU is
equally safe and reliable for NOR patients. In our study, the total
dose of rhFSH dose did not exceed this upper limit in either group.
Also, there was no difference in the live birth rate between the two
groups in fresh embryo transfer. This suggests that a starting dose of
rhFSH of 150 or 225 IU is equally safe and reliable for NOR patients.

A potential limitation of the study is that adjustments in rhFSH
dose were permitted during COS (38), with adjustments limited to 50
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IU. The dose adjustment of rhFSH is part of daily clinical practice
during COS, and a systematic review covering 10 years showed that
the proportion was about 45% (39). In addition, the dose adjustment
of rhFSH did not affect the live birth (40). In spite of all the efforts to
control bias, this study is inherently limited by the review of a
retrospectively collected data set. Despite these limitations, our
study still provides clinicians with a reasonable option for starting
dose of rhFSH in the NOR population.

5 Conclusion

In conclusion, for the NOR patients following the GnRH-ant
protocol, the starting dose of rhFSH of 225 IU slightly increased the
number of oocytes retrieved compared to the starting dose of rhFSH
of 150 IU, at the cost of an extra approximate 700 IU of rhFSH during
COS. However, there was no significant difference in the number of
available embryos and live birth rate in fresh embryo transfer.
Notably, the fresh embryo transfer rate was higher in the 150 TU
group than in the 225 IU group. Considering the potential cost-
effectiveness and shorter time to live birth, the starting dose of rhFSH
of 150 IU may be more suitable than 225 IU.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The study was authorized by the local institutional review board
(Reproductive Ethics Committee of The Affiliated Hospital of
Shandong University of Traditional Chinese Medicine, approval no.
SDTCM/E2204-02, dated April 2, 2022) and was undertaken at a
public tertiary referral university hospital.

References

1. Yang ], Zhang X, Ding X, Wang Y, Huang G, Ye H. Cumulative live birth rates
between gnrh-agonist long and gnrh-antagonist protocol in one art cycle when all
embryos transferred: real-word data of 18,853 women from china. Reprod Biol
Endocrinol (2021) 19(1):124. doi: 10.1186/s12958-021-00814-0

2. Al-Inany HG, Youssef MA, Ayeleke RO, Brown ], Lam WS, Broekmans FJ.
Gonadotrophin-releasing hormone antagonists for assisted reproductive technology.
Cochrane Database Syst Rev (2016) 4(4):Cd001750. doi: 10.1002/
14651858.CD001750.pub4

3. ZhuJ, Xing W, Li T, Lin H, Ou J. Gnrh antagonist protocol versus gnrh agonist long
protocol: a retrospective cohort study on clinical outcomes and maternal-neonatal safety.
Front Endocrinol (Lausanne) (2022) 13:875779. doi: 10.3389/fendo.2022.875779

4. Orvieto R, Venetis CA, Fatemi HM, D'Hooghe T, Fischer R, Koloda Y, et al.
Optimising follicular development, pituitary suppression, triggering and luteal phase

support during assisted reproductive technology: a delphi consensus. Front Endocrinol
(Lausanne) (2021) 12:675670. doi: 10.3389/fendo.2021.675670

5. Nargund G, Fauser BC, Macklon NS, Ombelet W, Nygren K, Frydman R. The
ismaar proposal on terminology for ovarian stimulation for ivf. Hum Reprod (2007) 22
(11):2801-4. doi: 10.1093/humrep/dem285

6. Lensen SF, Wilkinson J, Leijdekkers JA, La Marca A, Mol BWJ, Marjoribanks J, et al.
Individualised gonadotropin dose selection using markers of ovarian reserve for women
undergoing in vitro fertilisation plus intracytoplasmic sperm injection (ivf/icsi). Cochrane
Database Syst Rev (2018) 2(2):Cd012693. doi: 10.1002/14651858.CD012693.pub2

Frontiers in Endocrinology

10.3389/fendo.2023.1068141

Author contributions

Z-CJ collected data and developed the manuscript. Y-QL and RL
guided the design and reviewed the manuscript. SH, Q-CX, and KY
contributed to data collection. P-XW and S-ML assisted in data analysis.
Z-GS and YG guided the design and implementation of the study. All
authors contributed to the article and approved the submitted version.

Funding

This work was supported by the Natural Science Foundation of
China [grant numbers. 81804130] and the Science and Technology
Plan Project of Jinan [grant numbers. 202225005].

Acknowledgments

The authors acknowledge all the Chinese patients and the
Reproductive and Genetic Center for their contributions to this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. Lan VT, Linh NK, Tuong HM, Wong PC, Howles CM. Anti-miillerian hormone
versus antral follicle count for defining the starting dose of fsh. Reprod BioMed Online
(2013) 27(4):390-9. doi: 10.1016/j.rbmo.2013.07.008

8. Expert consensus on standardized application of gonadotropin-releasing hormone
antagonist in assisted reproductive technology. Chin J Reprod Contraception (2022) 42
(02):109-16.

9. Broer SL, Délleman M, Opmeer BC, Fauser BC, Mol BW, Broekmans FJ. Amh and
afc as predictors of excessive response in controlled ovarian hyperstimulation: a meta-
analysis. Hum Reprod Update (2011) 17(1):46-54. doi: 10.1093/humupd/dmq034

10. La Marca A, Sunkara SK. Individualization of controlled ovarian stimulation in ivf
using ovarian reserve markers: from theory to practice. Hum Reprod Update (2014) 20
(1):124-40. doi: 10.1093/humupd/dmt037

11. Song J, Xiang S, Sun Z. Frozen embryo transfer at the cleavage stage can be
performed within the first menstrual cycle following the freeze-all strategy without
adversely affecting the live birth rate: a strobe-compliant retrospective study. Med
(Baltimore) (2019) 98(38):e17329. doi: 10.1097/md.0000000000017329

12. The Istanbul consensus workshop on embryo assessment: Proceedings of an expert
meeting. Hum Reprod (2011) 26(6):1270-83. doi: 10.1093/humrep/der037

13. Braakhekke M, Kamphuis EI, Dancet EA, Mol F, van der Veen F, Mol BW.
Ongoing pregnancy qualifies best as the primary outcome measure of choice in trials in
reproductive medicine: an opinion paper. Fertil Steril (2014) 101(5):1203-4. doi: 10.1016/
jfertnstert.2014.03.047

frontiersin.org


https://doi.org/10.1186/s12958-021-00814-0
https://doi.org/10.1002/14651858.CD001750.pub4
https://doi.org/10.1002/14651858.CD001750.pub4
https://doi.org/10.3389/fendo.2022.875779
https://doi.org/10.3389/fendo.2021.675670
https://doi.org/10.1093/humrep/dem285
https://doi.org/10.1002/14651858.CD012693.pub2
https://doi.org/10.1016/j.rbmo.2013.07.008
https://doi.org/10.1093/humupd/dmq034
https://doi.org/10.1093/humupd/dmt037
https://doi.org/10.1097/md.0000000000017329
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1016/j.fertnstert.2014.03.047
https://doi.org/10.1016/j.fertnstert.2014.03.047
https://doi.org/10.3389/fendo.2023.1068141
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Jia et al.

14. Definitions of infertility and recurrent pregnancy loss: a committee opinion. Fertil
Steril (2020) 113(3):533-5. doi: 10.1016/j.fertnstert.2019.11.025

15. Humaidan P, Nelson SM, Devroey P, Coddington CC, Schwartz LB, Gordon K,
et al. Ovarian hyperstimulation syndrome: review and new classification criteria for
reporting in clinical trials. Hum Reprod (2016) 31(9):1997-2004. doi: 10.1093/humrep/
dew149

16. Out HJ, Rutherford A, Fleming R, Tay CC, Trew G, Ledger W, et al. A randomized,
double-blind, multicentre clinical trial comparing starting doses of 150 and 200 iu of
recombinant fsh in women treated with the gnrh antagonist ganirelix for assisted
reproduction. Hum Reprod (2004) 19(1):90-5. doi: 10.1093/humrep/deh044

17. Wikland M, Bergh C, Borg K, Hillensjo T, Howles CM, Knutsson A, et al. A
prospective, randomized comparison of two starting doses of recombinant fsh in
combination with cetrorelix in women undergoing ovarian stimulation for ivf/icsi.
Hum Reprod (2001) 16(8):1676-81. doi: 10.1093/humrep/16.8.1676

18. Jayaprakasan K, Hopkisson J, Campbell B, Johnson I, Thornton J, Raine-Fenning
N. A randomised controlled trial of 300 versus 225 iu recombinant fsh for ovarian
stimulation in predicted normal responders by antral follicle count. . Bjog (2010) 117
(7):853-62. doi: 10.1111/j.1471-0528.2010.02545.x

19. Fleming R, Jenkins J. The source and implications of progesterone rise during the
follicular phase of assisted reproduction cycles. Reprod BioMed Online (2010) 21(4):446-
9. doi: 10.1016/j.rbmo.2010.05.018

20. Al-Inany H, Aboulghar M. Gonadotrophin-releasing hormone antagonists for
assisted conception. Cochrane Database Syst Rev (2001). doi: 10.1002/
14651858.Cd001750

21. Adashi EY. Endocrinology of the ovary. Hum Reprod (1994) 9(5):815-27.
doi: 10.1093/oxfordjournals.humrep.al38602

22. Bosch E, Labarta E, Crespo J, Simon C, Remohi J, Jenkins J, et al. Circulating
progesterone levels and ongoing pregnancy rates in controlled ovarian stimulation cycles
for in vitro fertilization: analysis of over 4000 cycles. Hum Reprod (2010) 25(8):2092-100.
doi: 10.1093/humrep/deq125

23. Ochsenkiithn R, Arzberger A, von Schonfeldt V, Gallwas J, Rogenhofer N, Crispin
A, et al. Subtle progesterone rise on the day of human chorionic gonadotropin
administration is associated with lower live birth rates in women undergoing assisted
reproductive technology: a retrospective study with 2,555 fresh embryo transfers. Fertil
Steril (2012) 98(2):347-54. doi: 10.1016/j.fertnstert.2012.04.041

24. Teh WT, McBain J, Rogers P. What is the contribution of embryo-endometrial
asynchrony to implantation failure? ] Assist Reprod Genet (2016) 33(11):1419-30.
doi: 10.1007/s10815-016-0773-6

25. Connell MT, Patounakis G, Healy MW, DeCherney AH, Devine K, Widra E, et al.
Is the effect of premature elevated progesterone augmented by human chorionic
gonadotropin versus gonadotropin-releasing hormone agonist trigger? Fertil Steril
(2016) 106(3):584-9.el. doi: 10.1016/j.fertnstert.2016.04.024

26. Racca A, Vanni VS, Somigliana E, Reschini M, Vigano P, Santos-Ribeiro S, et al. Is
a freeze-all policy the optimal solution to circumvent the effect of late follicular elevated
progesterone? a multicentric matched-control retrospective study analysing cumulative
live birth rate in 942 non-elective freeze-all cycles. Hum Reprod (2021) 36(9):2463-72.
doi: 10.1093/humrep/deab160

Frontiers in Endocrinology

09

10.3389/fendo.2023.1068141

27. Healy MW, Patounakis G, Connell MT, Devine K, DeCherney AH, Levy MJ, et al.
Does a frozen embryo transfer ameliorate the effect of elevated progesterone seen in fresh
transfer cycles? Fertil Steril (2016) 105(1):93-9.el. doi: 10.1016/j.fertnstert.2015.09.015

28. Vuong LN. Con: freeze-all for all? one size does not fit all. Hum Reprod (2022) 37
(7):1388-93. doi: 10.1093/humrep/deac103

29. Zaat T, Zagers M, Mol F, Goddijn M, van Wely M, Mastenbroek S. Fresh versus
frozen embryo transfers in assisted reproduction. Cochrane Database Syst Rev (2021).
doi: 10.1002/14651858.CD011184.pub3

30. Terho AM, Pelkonen S, Opdahl S, Romundstad LB, Bergh C, Wennerholm UB,
et al. High birth weight and large-for-gestational-age in singletons born after frozen
compared to fresh embryo transfer, by gestational week: a nordic register study from the
conartas group. Hum Reprod (2021) 36(4):1083-92. doi: 10.1093/humrep/deaa304

31. Wong KM, van Wely M, Mol F, Repping S, Mastenbroek S. Fresh versus frozen
embryo transfers in assisted reproduction. Cochrane Database Syst Rev (2017).
doi: 10.1002/14651858.CD011184.pub2

32. Maheshwari A, Bell JL, Bhide P, Brison D, Child T, Chong HY, et al. Elective freezing
of embryos versus fresh embryo transfer in ivf: a multicentre randomized controlled trial in
the uk (e-freeze). Hum Reprod (2022) 37(3):476-87. doi: 10.1093/humrep/deab279

33. Johnson S, Vandromme J, Larbuisson A, Raick D, Delvigne A. Does the freeze-all
strategy improve the cumulative live birth rate and the time to become pregnant in ivf
cycles? Arch Gynecol Obstet (2022) 305(5):1203-13. doi: 10.1007/s00404-021-06306-1

34. Bosdou JK, Venetis CA, Tarlatzis BC, Grimbizis GF, Kolibianakis EM. Higher
probability of live-birth in high, but not normal, responders after first frozen-embryo
transfer in a freeze-only cycle strategy compared to fresh-embryo transfer: a meta-
analysis. Hum Reprod (2019) 34(3):491-505. doi: 10.1093/humrep/dey388

35. Schirmer DA 3rd, Kulkarni AD, Zhang Y, Kawwass JF, Boulet SL, Kissin DM.
Ovarian hyperstimulation syndrome after assisted reproductive technologies: trends,
predictors, and pregnancy outcomes. Fertil Steril (2020) 114(3):567-78. doi: 10.1016/
jfertnstert.2020.04.004

36. Steward RG, Lan L, Shah AA, Yeh JS, Price TM, Goldfarb JM, et al. Oocyte number
as a predictor for ovarian hyperstimulation syndrome and live birth: an analysis of
256,381 in vitro fertilization cycles. Fertil Steril (2014) 101(4):967-73. doi: 10.1016/
j.fertnstert.2013.12.026

37. Munch EM, Sparks AE, Zimmerman MB, Van Voorhis BJ, Duran EH. High fsh
dosing is associated with reduced live birth rate in fresh but not subsequent frozen embryo
transfers. Hum Reprod (2017) 32(7):1402-9. doi: 10.1093/humrep/dex094

38. Mahony MC, Hayward B, Mottla GL, Richter KS, Beall S, Ball GD, et al.
Recombinant human follicle-stimulating hormone alfa dose adjustment in us clinical
practice: an observational, retrospective analysis of a real-world electronic medical records
database. Front Endocrinol (Lausanne) (2021) 12:742089. doi: 10.3389/fend0.2021.742089

39. Fatemi H, Bilger W, Denis D, Griesinger G, La Marca A, Longobardi S, et al. Dose
adjustment of follicle-stimulating hormone (fsh) during ovarian stimulation as part of
medically-assisted reproduction in clinical studies: a systematic review covering 10 years
(2007-2017). Reprod Biol Endocrinol (2021) 19(1):68. doi: 10.1186/s12958-021-00744-x

40. Abbara A, Patel A, Hunjan T, Clarke SA, Chia G, Eng PC, et al. Fsh requirements
for follicle growth during controlled ovarian stimulation. Front Endocrinol (Lausanne)
(2019) 10:579. doi: 10.3389/fendo.2019.00579

frontiersin.org


https://doi.org/10.1016/j.fertnstert.2019.11.025
https://doi.org/10.1093/humrep/dew149
https://doi.org/10.1093/humrep/dew149
https://doi.org/10.1093/humrep/deh044
https://doi.org/10.1093/humrep/16.8.1676
https://doi.org/10.1111/j.1471-0528.2010.02545.x
https://doi.org/10.1016/j.rbmo.2010.05.018
https://doi.org/10.1002/14651858.Cd001750
https://doi.org/10.1002/14651858.Cd001750
https://doi.org/10.1093/oxfordjournals.humrep.a138602
https://doi.org/10.1093/humrep/deq125
https://doi.org/10.1016/j.fertnstert.2012.04.041
https://doi.org/10.1007/s10815-016-0773-6
https://doi.org/10.1016/j.fertnstert.2016.04.024
https://doi.org/10.1093/humrep/deab160
https://doi.org/10.1016/j.fertnstert.2015.09.015
https://doi.org/10.1093/humrep/deac103
https://doi.org/10.1002/14651858.CD011184.pub3
https://doi.org/10.1093/humrep/deaa304
https://doi.org/10.1002/14651858.CD011184.pub2
https://doi.org/10.1093/humrep/deab279
https://doi.org/10.1007/s00404-021-06306-1
https://doi.org/10.1093/humrep/dey388
https://doi.org/10.1016/j.fertnstert.2020.04.004
https://doi.org/10.1016/j.fertnstert.2020.04.004
https://doi.org/10.1016/j.fertnstert.2013.12.026
https://doi.org/10.1016/j.fertnstert.2013.12.026
https://doi.org/10.1093/humrep/dex094
https://doi.org/10.3389/fendo.2021.742089
https://doi.org/10.1186/s12958-021-00744-x
https://doi.org/10.3389/fendo.2019.00579
https://doi.org/10.3389/fendo.2023.1068141
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Comparison of two different starting dose of rhFSH in GnRH antagonist protocol for patients with normal ovarian reserve
	1 Introduction
	2 Material and methods
	2.1 Patients
	2.2 Controlled ovarian stimulation protocols
	2.3 Outcome measures
	2.4 Statistical analysis

	3 Result
	3.1 Baseline characteristics of the study population
	3.2 Ovarian stimulation outcomes
	3.3 Embryological outcomes
	3.4 Pregnancy and birth outcomes

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


